We discuss a gyrocon computer model in which the electron beam is followed from the gun output to the collector region. The initial beam may be selected either as a uniform circular beam or may be taken from the output of an electron gun simulated by the program of William Herrmannsfeldt. The fully relativistic equations of motion are then integrated numerically to follow the beam successively through a drift tunnel, a cylindrical rf beam deflection cavity, a combination drift space and magnetic bender region, and an output rf cavity. The parameters for each region are variable input data from a control f ile. The program calculates power losses in the cavity wall, power required by beam loading, power transferred from the beam to the output cavity fields, and electronic and overall efficiency. Space-charge effects are approximated if selected. Graphical displays of beam motions are produced. We discuss the Los Scientific Laboratory (LASL) prototype design as an example of code usage. The design shows a gyrocon of about two-thirds megawatt output at 450 MHz with up to 86% overall efficiency.
Introduction
The gyrocon is a deflection-modulated rf amplifier ( Fig. 1) charge elements. Thus, these fields are approximated to first order in v/c.
RF Deflection Cavity
The basic deflection modulation of the gyrocon beam occurs in a cylindrical rf cavity located below the electron gun (Fig. 1) . The deflection cavity is driven at the fundamental device frequency. The computer code can simulate the incoming beam either by constructing a homogeneous ideal beam of given size, current, and voltage or by accepting the beam predicted by Herrmannsfeldt's electron optics program. The deflection is accomplished by driving the cavity in the TM1io mode at two points 900 out of phase, thus producing a rotating rf field. In the cavity center, the mode appears approximately as a constant magnitude, transverse magnetic field rotating at the drive frequency. This field causes the desired rotating deflection by bending the beam around the magnetic field lines. The drive power required is that consumed by the cavity walls plus beam loading power, the latter calculated from the change in the beam energy as it traverses the cavity. Beam loading occurs because the electric field in the TM110 mode is not exactly zero over the entire beam.
Bender Effects
To reduce the drive power required for beam deflection and to obtain a horizontal beam at the output cavity, Budker included the solenoidal magnetic beam bender (Fig. 1) . Its fields are produced by horizontal current loops7 centered around the gyrocon axis. These fields cause the electrons to bend at increasing angles toward the output cavity. The bender fields and the focus coil fields introduce some electron motion about the gvrocon axis. This motion causes the beam to enter the output cavity at some deviation from a purely radial direction. The angle of deviation is advantageously used in Budker's design, as noted earlier.
The code uses the expression for the current loop fields to simulate these fields and includes their presence in all regions the beam traverses.
Focus Coils
To retard beam expansion in the output cavity, Budker included current loops on either side of the output cavity slot. These loops are parallel to the slot and encircle the gyrocon axis (Fig. 1) . Reverse currents excite these loops so that the field between them in the slot and across the output cavity resembles a solenoid field along the beam motion, at least in the z direction. Although the field is axially symmetric, it does provide beam focusing in the vertical direction. The code simulates this field in the same manner as it treats the bender fields.
Additional focus coils in the gun or collector regions are generally included to provide better beam control.
power lost by the beam minus the power lost in the cavity walls. Output phase is adjustable and must be set for maximum beam energy extraction. After leaving the cavity, the beam drifts until all disk positions have emerged. An extended drift region may simulate a collector.
Space-Charge Fields
To calculate space-charge effects the beam helix is simulated by a bundle of charged rods lying along the actual helix. Each rod moves approximately with the average velocity of the charge disk. The helical beam motion reduces the linear charge density and decreases the space charge. The motion also compresses the rods into a more compact bundle and this compression increases the space-charge fields. Using Coulomb's Law, each rod is assigned an electric field and a magnetic field. The fields from all the rods are superposed to yield the approximate space-charge fields. The charge densities vary inversely with the disk component velocities because the charge density increases as the beam slows down. This increase is offset partially by the increased helical beam motion.
This entire method keeps the space-charge calculations relatively simple.
LASL Prototype Gyrocon
The LASL prototype gyrocon has a 450-MHz frequency. The electron optics program6 predicts a 9-A electron beam at 86 kV with good qualities for transport through the 450-MHz deflection cavity. The beam then passes through the bender drift space, between the focus coils, through the 450-MHz output cavity, and into the collector (Figs. 2 and 3 ). The magnetic fields from the bender and focus coils can be seen in the contours of Fig. 2 
